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Process for the epoxidation of olefins 

The present invention relates to a process for the epoxidation of 
olefins, in which the exit gas stream leaving the reactor is further 
5 worked up. 

Prior art 

It is known from EP A 100 118 that propene may be reacted with hydrogen 
peroxide to yield propene oxide if titanium silicalite is used as the 

« 

10 catalyst. A secondary reaction which always occurs to a slight extent on 
the titanium silicalite catalyst is the decomposition of hydrogen 
peroxide to form molecular oxygen. If it is to be possible to operate 
the epoxidation process safely on an industrial scale, the oxygen formed 
must be removed from the reaction system. This is most simply achieved 

15 by discharging it with a propene exit gas stream. Such a process is 
known from EP A 659 473. The process does, however, have the 
disadvantage that considerable quantities of propene and propene oxide 
are lost together with the oxygen. 

20 The object of the present invention is accordingly to provide a process 
for the epoxidation of olefins with which higher product yields may be 
achieved. 

Subject matter of the invention 

25 This object is achieved by a process for the catalytic epoxidation of 
olefins in which in one reaction stage the olefin is reacted with 
aqueous hydrogen peroxide in an organic, water-miscible solvent in the 
presence of a titanium silicalite catalyst, wherein an exit gas stream 
is obtained which contains olefin oxide, unreacted olefin and oxygen and 

30 this exit gas stream is brought into contact in an absorption unit with 
the same solvent as used in the reaction stage and a solvent stream 
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loaded with olefin and olefin oxide is drawn off from the absorption 
unit and an exit gas stream containing oxygen is discharged. 

Description of the invention 
5 It has now been found that the losses of olefin and olefin oxide which 
occur on discharge of the exit gas stream containing oxygen during the 
epoxidation of olefin with hydrogen peroxide and a titanium silicalite 
catalyst may be reduced in a simple manner by absorbing the majority of 
the olefin oxide, olefin and optionally the corresponding alkane with 
10 the solvent used for the epoxidation, discharging the oxygen and either 
returning the solvent stream loaded with olefin oxide and olefin to the 
reaction stage or passing it to a working up stage downstream from the 
reaction stage. 

15 In a preferred embodiment, an inert gas stream is additionally 

introduced into the absorption unit, wherein the inert gas leaves the 
absorption unit together with the oxygen in the exit gas stream. The 
quantity of inert gas introduced is here preferably selected as a 
function of the quantity and composition of the exit gas stream leaving 

20 the reaction stage such that the exit gas stream leaving the absorption 
unit is no longer of an ignitable composition. This embodiment has the 
advantage that, even in the case of variation in product streams in the 
overall process, it is very simple constantly to maintain the 
composition of the gas phase in the absorption unit such that an 

25 ignitable mixture cannot occur within the absorption unit, nor may it 
leave said unit as an exit gas stream. 

Suitable inert gases are any gases which dissolve only slightly in the 
solvent used for epoxidation, do not react with hydrogen peroxide and 
30 olefin oxide under the epoxidation reaction conditions and do not form 
explosive mixtures with oxygen. The inert gas preferably used comprises 
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nitrogen or an inert gas obtained by combustion of a methane -air 
mixture. 



Suitable solvents are any solvents which are not oxidized or are only 

5 slightly oxidized by hydrogen peroxide under the selected reaction 
conditions and dissolve in water in a quantity of greater than 10 wt.*. 
Preferred solvents are those which are unlimitedly miscible with water. 
Suitable solvents are alcohols, such as for example methanol, ethanol or 
tert.-butanol; glycols, such as for example ethylene glycol, 1,2- 

10 propanediol or 1,3 -propanediol ; cyclic ethers, such as for example 
tetrahydrofuran, dioxane or propene oxide; glycol ethers, such as for 
example ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol monobutyl ether or propylene glycol monomethyl 
ethers and ketones, such as for example acetone or 2-butanone. Methanol 

15 is particularly preferably used as the solvent. Absorption is performed 
at a total pressure in the range from 1 to 25 bar, preferably at the 
same pressure as the epoxidation reaction, at which the exit gas 
containing oxygen is obtained. Absorption may be performed at 
temperatures between the melting point of the solvent and 100°C, 

20 preferably in the range from 0 to 60°C. 

In a particularly preferred embodiment of the present invention, the 
inert gas stream and exit gas stream are passed countercurrently to the 
solvent. An absorption unit which is suitable for this embodiment is in 

25 particular a column with an inert packing or inserts, wherein the exit 
gas stream loaded with olefin and olefin oxide and the inert gas stream 
are fed into the bottom of the column, the solvent is supplied to the 
top of the column, the exit gas stream is discharged at the top of the 
column and the solvent stream loaded with olefin and olefin oxide is 

30 drawn off from the bottom of the column. 
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The process according to the invention is suitable for the epoxidation 
of olefins having 2 to 6 carbon atoms. The epoxidation of propene to 
yield propene oxide is most highly preferred. The process according to 
the invention is thus illustrated below using the epoxidation of propene 
5 by way of example. 

Figure 1 shows one embodiment of the invention in which the absorption 
stage is incorporated into the epoxidation process in such a manner that 
the solvent stream loaded with propene and propene oxide during 
10 absorption is passed into the epoxidation reaction. 

Figure 2 shows an alternative embodiment of the present invention, in 
which the solvent stream loaded with propene , propane and propene oxide 
is passed not into the epoxidation stage but instead into the working up 
15 stage. 

Figure 3 shows an absorption unit suitable for the process according to 
the invention. 

20 According to Figure 1 or Figure 2, propene is introduced into the 

epoxidation stage with stream 1, hydrogen peroxide with stream 2 and the 
solvent with stream 3, wherein stream 3 serves to make good any solvent 
losses in the process. A liquid reaction mixture leaves the epoxidation 
stage with stream 4 and an exit gas containing oxygen with stream 5. The 

25 liquid reaction mixture of stream 4 is separated during working up into 
stream 6 f which substantially consists of propene and propane, stream 7, 
which substantially consists of propene oxide, stream 8, which 
substantially consists of the solvent, and stream 9, which substantially 
consists of water and high- boiling secondary products. When a suspended 

30 catalyst is used, working up also recovers the catalyst as stream 10, 
which is returned to the epoxidation, wherein a proportion of the 
catalyst or the entire catalyst is optionally subjected to a 
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regeneration step beforehand. When a shaped catalyst is used which is 
retained in the epoxidation stage, stream 10 is not obtained. The 
recovered solvent from stream 8 is returned entirely or in part as 
stream 11 to the absorption stage. A substream 12 of the propene stream 
5 6, which is returned to the epoxidation, is passed into the propane 
separation stage, from which a propane-enriched stream 13 is discharged, 
while the propane -depleted stream 14 is also passed into the epoxidation 
stage. 

10 An inert gas stream 15 is also introduced into the absorption stage in 
addition to the exit gas stream 5 containing oxygen and the solvent 
stream 11. The inert gas leaves the absorption stage together with the 
oxygen from the epoxidation with the exit gas stream 16. 

15 In the embodiment shown in Figure 1. the solvent stream 17 loaded with 
propene, propane and propene oxide is returned to the epoxidation stage 
and the solvent stream 8 is divided such that preferably more than 30* 
and particularly preferably more than 80* are passed with stream 11 into 
the absorption stage. 

20 

In the embodiment shown in Figure 2, the solvent stream 17 loaded with 
propene, propane and propene oxide is passed into the working up stage 
and the solvent stream 8 is divided such that preferably less than 50* 
and particularly preferably less than 30* are passed with stream 11 into 
25 the absorption stage. 

In the absorption stage, the exit gas stream 5 and the solvent stream 11 
are passed countercurrently. The absorption stage preferably takes the 
form as shown in Figure 3 of a column with an inert packing or inserts 
30 and is operated such that the gas streams 5 and 15 are fed into the 
bottom of the column and the exit gas stream 16 is drawn off from the 
top of the column, while the solvent is supplied with stream 11 into the 
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top of the column and the loaded liquid stream 17 is withdrawn from the 
bottom of the column. 

The quantity of inert gas is selected such that the exit gas stream 16, 
5 which, apart from inert gas, also contains oxygen together with small 
quantities of propene and solvent, is no longer of an igni table 
composition. 

In the epoxidation stage, stream 2 containing hydrogen peroxide may be 
10 mixed with a stream containing solvent (stream 8 and/or 17 in the 

embodiment according to Figure 1 or stream 8 in the embodiment according 
to Figure 2), before it is passed into the epoxidation reactor. Streams 
1 and 6 containing propene may likewise be mixed before they are fed 
into the epoxidation reactor. 

15 

The process according to the invention has the advantage that only small 
quantities of propene and propene oxide are lost with the exit gas 
stream containing oxygen and that no additional auxiliary substances are 
required to recover the propene and propene oxide from the exit gas 
20 stream, as the solvent used for the absorption may be recirculated with 
the solvent used in the epoxidation reaction. 
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Patent Claims 
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1. Process for the catalytic epoxidation of olefins in which in one 
reaction stage the olefin is reacted with aqueous hydrogen 
5 peroxide in an organic, water- mi scible solvent in the presence of 

a titanium silicalite catalyst, wherein an exit gas stream (5) is 
obtained which contains olefin oxide, unreacted olefin and oxygen, 
characterized in that 

this exit gas stream (5) is brought into contact in an absorption 
10 unit with the same solvent as used in the reaction stage and a 

solvent stream (17) loaded with olefin and olefin oxide is drawn 
off from the absorption unit and an exit gas stream (16) 
containing oxygen is discharged. 



15 2. Process according to claim 1, 
characterized in that 

an inert gas stream (15) is additionally introduced into the 
absorption unit, wherein the inert gas leaves the absorption unit 
together with the oxygen in the exit gas stream (16). 

20 

3. Process according to claim 2, 
characterized in that 

the quantity of inert gas introduced is selected as a function of 
the quantity and composition of the exit gas stream (5) leaving 
25 the reaction stage such that the exit gas stream (16) leaving the 

absorption unit is no longer of an ignitable composition. 



30 
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4. Process according to one of claims 2 and 3. 
characterized in that 

the inert gas is selected from a gas which dissolves only slightly 
in the solvent used for epoxidation, does not react with hydrogen 
5 peroxide and olefin oxide under the epoxidation reaction 

conditions and does not form explosive mixtures with oxygen, 
preferably from nitrogen or an inert gas obtained by combustion of 
a methane -air mixture. 



10 5. Process according to one of claims 2-4, 
characterized in that 

the inert gas stream (15) and the exit gas stream (5) are passed 
count ercurrently to the solvent. 

15 6. Process according to one of the preceding claims, 
characterized in that 

the absorption unit is a column with an inert packing or inserts 
and the gas streams (5, 15) are fed into the bottom of the column, 
the solvent is supplied to the top of the column as solvent stream 
20 (11), the exit gas stream (16) is discharged at the top of the 

column and the solvent stream (17) loaded with olefin and olefin 
oxide is drawn off from the bottom of the column. 



7. Process according to one of the preceding claims, 
25 characterized in that 

the solvent stream (17) loaded with olefin and olefin oxide is 
either returned to the reaction stage or is passed to a working up 
stage downstream from the reaction stage. 



30 
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8. Process according to one of the preceding claims, 
characterised in that 

the liquid product stream (4) from the reaction stage is worked up 
and the recovered solvent so obtained is returned in part to the 
absorption unit and in part to the reaction stage. 



9. Process according to one of the preceding claims, 
characterised in that 

the olefin is an olefin having 2-6 carbon atoms, preferably 
propene. 

10. Process according to one of the preceding claims, 
characterised in that 

the solvent is selected from among alcohols, glycols, cyclic 
ethers, glycol ethers and ketones and is preferably methanol. 



WO 01/57009 



PCT/EP01/01110 



1 / 2 



10 



15 



Absorption 



17 



Epoxidation 



11 



Working up 



10 



14 



12 



Propane separation 



13 



Fig. 1 



16 



15 



Absorption 



17 



tpoxidation 



11 



Working up 



10 



14 



12 



Propane separation 



13 



Fig. 2 



WO 01/57009 



PCT/EP01/01110 



2 / 2 




Fig. 3 



INTERNATIONAL SEARCH REPORT 



Intern* '-rial Application No 

PCT/tP 01/01110 



A. CLASSIRCATION OF SUBJECT MATTER 

IPC 7 C07D301/12 C07D301/32 



According to International Paten! Classification (IPC) or lo both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07D 



Documentation searched other than minimum documentation lo the extent that such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and. where practical, search terms used) 

CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, ol the relevant passages 



Relevant to claim No. 



EP 0 100 119 A (ANIC S.P.A. ) 
8 February 1984 (1984-02-08) 
the whole document 

EP 0 659 473 A (ARCO CHEMICAL TECHNOLOGY , 
L.P.) 28 June 1995 (1995-06-28) 
cited in the application 
the whole document 

EP 0 719 768 A (ARCO CHEMICAL TECHNOLOGY, 
L.P.) 3 July 1996 (1996-07-03) 
the whole document 



1-10 



1-10 



1-10 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex 



• Special categories of cited documents : 

•A' document defining the general slate of the art which is not 

considered to be of particular relevance 
■E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

a O* document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to I he international tiling date but 
later than (he priority date claimed 



T later document published after the international fifing date 
or priority date and not in conflict with the application but 
died to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&' document member of the same patent family 



Date of the actual completion of the international search 



2 July 2001 



Date ol matting of the international search report 



10/07/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patent laan 2 
NL-2280HVRijswijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax (+3 1-70) 340-3016 



Authorized officer 



Besller, L 



Form PCT/1SA/210 (second sheet) (July 1992) 



INTERNATIONAL ScAHUn ntrUn I 

xmation on patent family member* 


Intern- "mal Application No 

PCT/tP 01/01110 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



EP 100119 



08-02-1984 



TT 


1152299 B 


31-12- 


■1986 


AT 


21896 T 


15-09- 


•1986 


CA 


1196925 A 


19-11- 


■1985 


DE 


3365871 D 


09-10- 


•1986 


DK 


341483 A 


29-01- 


•1984 


JP 


1721832 C 


24-12- 


•1992 


JP 


4005028 B 


30-01- 


•1992 


JP 


59051273 A 


24-03- 


-1984 


NO 


832722 A,B, 


30-01- 


-1984 


US 


4833260 A 


23-05- 


-1989 



EP 659473 



28-06-1995 



EP 719768 



03-07-1996 



US 


5466836 A 


14- 


•11- 


•1995 


AT 


171394 T 


15- 


-10- 


•1998 


CA 


2137310 A 


21- 


-06- 


•1995 


CN 


1109382 A 


04- 


-10- 


•1995 


DE 


69413507 D 


29- 


-10- 


1998 


DE 


69413507 T 


11- 


-02- 


-1999 


ES 


2121162 T 


16- 


-11- 


■1998 


JP 


7196639 A 


01- 


-08- 


-1995 


RU 


2126799 C 


27- 


-02- 


-1999 


US 


5468885 A 


21- 


-11- 


-1995 


US 


5573736 A 


12- 


-11- 


-1996 


US 


5468885 A 


21- 


-11- 


-1995 


DE 


69508051 D 


08- 


-04- 


-1999 


DE 


69508051 T 


15- 


-07- 


-1999 



Form PCT/JSA/210 (patent family annex) (July 1998) 



